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© Middle distillate fuel oil compositions such as diesel fuel or heating oil can be rendered storage-stable by an 
aromatic polyamine succinimide of a copolymer/maleic anhydride graft having the formula. 
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This invention relates to middle distillate fuels and, more particularly, to a storage stabilizing additive for 
a middle distillate fuel-heating oil composition. 

In the manufacture and production of middle distillate fuels and oils there is the problem of increased 
cracking of poorer quality crude oils. As a result, the commercially available diesel fuels and heating oils are 
5 less storage stable. Accordingly, stability additives are commonly introduced to prevent sludge formation 
and/or color change. However, to date these additives have not been effective or practical as to storage 
stabilizing middle distillates. 

Thus, an object of the present invention is to provide a means of stabilizing efficiently a middle 
distillate, e.g., diesel fuels and heating oil, in storage, 
to U.S. Patent 4,089,794 discloses a process for preparing a lubricating oil concentrate of a VI improver 
having sludge dispersing properties wherein the VI improver is an ethylene copolymer with a number 
average molecular weight ranging from about 5,000 to 250,000 dissolved in a mineral lubricating oil. 

U.S. Patent 4,171,273 discloses a method of preparing fatty alkyl succinate ester and succinimide 
modified copolymers of ethylene and an alpha-olefln which are useful as shear stable viscosity index (VI) 
15 Improvers, dispersants and pour point dlspersants In lubricating oils. 

U.S. Patent 4,698,169 discloses additives useful in lubricant compositions having superior dispersant 
and antioxidant activity. The additives are products made by reacting (a) an alkenyl succinic compound with 
(b) an arylamine and (c) an alkanolamine or a hindered alcohol and borated reaction products thereof which 
provide dispersant and antioxidant activity to lubricant compositions. 
20 In providing the present fuel-oil composition, I.e., a stable middle distillate, a storage stabilizing agent is 
added to the middle distillate fuel-oil. 

According to the present Invention, the stable middle distillate fuel oil composition comprises: 

(a) a major portion of a middle distillate fuel-oil; and 

(b) a minor amount of, as a storage stabilizing additive, an aromatic polyamine succinimide of a 
25 copolymer and maleic anhydride graft of the formula 



35 (CP) 



wherein (CP) is a copolymer and R is 



45 




R R" 

50 

where FT and FT each are aryl, alkylaryl, HN-Aryl, alkoxyl or H and n = 0 or 6. 

The polymer or copolymer substrate employed in the novel additive of the invention may be prepared 
from ethylene and propylene or it may be prepared from ethylene and a higher olefin within the range of C 3 
55 to Ci o alpha-monoolefins. 

More complex polymer substrates, often designated as interpolymers, may be prepared using a third 
component. The third component generally used to prepare an Interpolymer substrate is a polyene 
monomer selected from non-conjugated dlenes and trienes. The non -conjugated diene component is one 
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having from 5 to 14 carbon atoms in the chain. Preferably, the diene monomer is characterized by the 
presence of a vinyl group in its structure and can include cyclic and bi-cyclo compounds. Representative 
dienes include 1 ,4-hexadiene, 1 ,4-cyclohexadiene, dfcyclopentadiene, 5-ethylidene-2-norbornene, 5- 
methylene-2-norbornene 1 ,5-heptadiene and 1 ,6-octadiene. A mixture of more than one diene can be used 
in the preparation of the interpolymer. A preferred non-conjugated diene for preparing a terpolymer or 
interpolymer substrate is 1 ,4-hexadlene. 

The triene component will have at least two non-conjugated double bonds and up to about 30 carbon 
atoms in the chain. Typical trienes useful in preparing the interpolymer of the invention are 1- 
isopropylidene-3a,4,7,7a-tetrahydroindene, 1-isopropylidenedicyclopentadiene. dehydro-iso-dicyclopen- 
tadiene and 2-(2-methylene-4-methyl-3-pentenyl)-[2.2.1] bicyclo-5-heptene. 

In the formulas above of the aromatic polyamines, R includes those and their isomers set forth below in 
Table 1. 

TABLE 1 
Isomers of Polyamines 

N-phenylphenylenediamine 

N-phenylnaphthylenediamine 

N-naphthylphenylenediamine 

N-4 -ani 1 ino-N ' -pheny Ipheny lenediamine 

The polymerization reaction to form the polymer substrate is generally carried out In the presence of a 
catalyst in a solvent medium. The polymerization solvent may be any suitable inert organic solvent that is 
liquid under reaction conditions for solution polymerization of monoolefins which is generally conducted in 
the presence of Ziegler type catalyst. Examples of satisfactory hydrocarbon solvents include straight chain 
paraffins having from 5-8 carbon atoms, with hexane being preferred. Aromatic hydrocarbons, preferably 
aromatic hydrocarbon having a single benzene nucleus, such as benzene, toluene and the like; and 
saturated cyclic hydrocarbons having boiling point ranges approximating those of the straight chain 
paraffinic hydrocarbons and aromatic hydrocarbons described above, are particularly suitable. The solvent 
selected may be a mixture of one or more of the foregoing hydrocarbons. It is desirable that the solvent be 
free of substances that will interfere with Ziegler polymerization. 

In a typical preparation of a polymer substrate, hexane is first introduced into a reactor and the 
temperature in the reactor is raised moderately to about 30° C. Dry propylene is fed to the reactor until the 
pressure reaches about 40-45 inches of mercury. The pressure is then increased to about 60 inches of 
mercury and dry ethylene and 5-ethylidene-2-norbomene are fed to the reactor. The monomer feeds are 
stopped and a mixture of aluminum sesquichloride and vanadium oxytrichloride are added to initiate the 
polymerization reaction. Completion of the polymerization reaction is evidenced by a drop in the pressure In 
the reactor. 

Ethylene-propylene or higher alpha monoolefln copolymers may consist of from about 15 to 80 mole 
percent ethylene and from about 20 to 85 mole percent propylene or higher monoolefin with the preferred 
mole ratios being from about 25 to 75 mole percent ethylene and from about 25 to 75 mole percent of a (C 3 
to C10) alpha monoolefin with the most preferred proportions being from 25 to 55 mole percent ethylene 
and 45 to 75 mole percent propylene. 

Terpolymer variations of the foregoing polymers may contain from about 0.1 to 10 mole percent of a 
non-conjugated diene or triene. 

The polymer substrate, that is the ethylene copolymer or terpolymer, is an oil-soluble substantially 
linear, rubbery material having an number average molecular weight from about 5,000 to 500,000 with a 
preferred number average molecular weight range of 25,000 to 250,000 and a most preferred range from 
about 50,000 to 150,000. 

The terms polymer and copolymer are used generically to encompass ethylene copolymers, ter- 
polymers or interpolymers. These materials may contain minor amounts of other oleflnic monomers so long 
as their basic characteristics are not materially changed. 

An ethylenically unsaturated carboxylic acid material is next grafted onto the prescribed polymer 
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EXAMPLE I 

PROCEDURE (NPPDA) 

1. Dissolve 70 g of MA-EP in 513 g of SNO-100 base oil at 160C under N 2 blanket. 

2. Stir 2 hours at 160°C under N 2 . 

3. Add a solution of 2.0 g of N-phenylphenyienediamlne dissolved in 13 gms of surfonlc N-40 (ethoxyiated 
alkyl phenol solvent) and react for 2 hours at 160°C under N 2 (low flow rate). 

4. Cool and screen filter (100 mesh). 

The results of the test are provided below in Table 2. 



TABLE 2 

RESULTS OF PO TENTIAL DEPOSIT TEST 

Middle Distillate Results* 

Base fuel (H-Oil Diesel Fraction) 3 ck 3 

Base fuel + 60 PTB ECA 8477** 1 ck 1.5 

Base Fuel + 60 PTB NPPDA (Ex.1) 1.5 ck 1.5 

* The higher the number the poorer the stability of the 
fuel . 

** A commercially available dispersant/stablizier for 
diesel fuel. 



The test results of Table I above indicate that this additive stablizes the diesel fuel against heat and light- 
temperature oxidation and it Is equivalent in activity to a commercially available additive. 



Claims 

1. A stable middle distillate fuel-oil composition comprising: 

(a) a major portion of a middle distillate fuel-oil; and 

(b) a minor amount of a storage-stabilizing additive, 

characterized In that the additive Is an aromatic polyamlne succlnlmlde of a copolymer/malelc anhydr- 
ide graft having the formula 




wherein (CP) is a copolymer and R is 
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[EP; Ethylene Propylene copolymer number average Mol. Wt. 80,000) MA graft level on EP is approxi- 
mately 1.5 wt.%] 

EXAMPLE I 

PROCEDURE (NPPDA) 

1. Dissolve 70 g of MA-EP in 513 g of SNO-100 base oil at 160C under N 2 blanket 

2. Stir 2 hours at 160 # C under N 2 . 

3. Add a solution of 2.0 g of N-phenylphenylenediamine dissolved in 13 gms of surfonic N-40 
(ethoxylated alkyl phenol solvent) and react for 2 hours at 160* C under N 2 (low flow rate). 

4. Cool and screen filter (100 mesh). 

The results of the test are provided below in Table 2. 



TABLE 2 

RESULTS OF POTENTIAL DEPOSIT TFST 
Middle Distil late 

Results* 

Base fuel (H-Oil Diesel Fraction) 3 ck 3 

Base fuel + 60 PTB ECA 8477** 1 ck 1 5 

Base Fuel + 60 PTB NPPDA (Ex.1) 1.5 ck lis 

* The higher the number the poorer the stability of the 
fuel. 

** A commercially available dispersant/stablizier for 
diesel fuel. 

The test results of Table I above Indicate that this additive stablizes the diesel fuel against heat and 
light-temperature oxidation and it is equivalent in activity to a commercially available additive. 

Claims 



1- A stable middle distillate fuel-oil composition comprising: 

(a) a major portion of a middle distillate fuel-oil; and 

(b) a minor amount of a storage-stabilizing additive, 

characterized in that the additive is an aromatic polyamlne succinimide of a copolymer/maleic 
anhydride graft having the formula 




wherein (CP) is a copolymer and R is 
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r' R" 

where R and R are each aryl, alkylaryl, HN-Aryl, alkoxyl or H and n » 0 or 6. 

2. A composition according to Claim 1 characterized in that the copolymer is an ethylene/(C -C ) alpha- 
monoolefln copolymer. 

3. A composition according to Claim 1 or 2 characterized in that the copolymer has a number average 
molecular weight from 5,000 to 500,000. 

4. A composition according to any one of Claims 1 characterized In that the oil is a diesel fuel/heating oil. 

5. A composition according to any one of Claims 1 characterized in that the additive Is derived from a 
polytertiary amine selected from all isomers of N-phenylphenylenediamine, N-phenylnaph- 
thylenediamine, N-naphthyl-phenylenediamine and N-^anilino-N'-phenylphenylenediamine. 

6. A composition according to any one of Claims 1 to 5 characterized in that the additive is N-(4- 
anilinophenyl)succinlmide bound to an ethylene/propylene copolymer. 
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